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Organisms that are able to change the color of their
skin do so by regulating the intracellular distribution
of pigment-containing vesicles. A recent study has
shed new light on the coordination in cells of the
molecular motors that mediate the transport of these
vesicles on microtubules and actin.
Those of us experiencing graying hair may be more
sensitive to the term melanosome than other readers.
You will find no remedy within this article, but rather a
jealous look at the organisms which are able to
manipulate their skin color, for example to match the
appearance of their environment. In fish and amphib-
ians, this change is brought about by movements of
pigment-containing vesicles, melanosomes, within a
special type of epithelial cell, the melanophore.
Hormonal stimuli are transmitted to molecular motors
which transport the melanosomes along cytoskeletal
tracks assembled from actin or tubulin. Because
filamentous actin and microtubules have a built-in
polarity and certain distributions within the cell, the
melanosome movements result in either their
homogeneous dispersion within the cytoplasm or the
formation of a clump of vesicles in the center of the cell
(Figure 1A). As a consequence the cell appears less or
more transparent, respectively. A beautiful paper pub-
lished very recently in Current Biology [1] addresses the
question of how this distribution is achieved.
The foundation for the present work was laid down
within the last decade, when it was first established that
Xenopus melanosomes had two microtubule-depen-
dent motors on their surface which work in opposite
directions: kinesin II, which transports its cargo towards
the plus ends of microtubules in the cell periphery; and
cytoplasmic dynein, which mediates aggregation of
melanosomes in the center of the cell, where the minus
ends of microtubules coalesce into a single spot [2].
Then, about five years ago, two papers published back
to back in Current Biology [3,4] established that
melanosomes from fish are also able to travel on actin
filaments [3], and melanosomes from Xenopus have a
bound myosin V motor [4].
Together these findings suggested how melano-
somes might move on actin filaments and showed that
this type of motility is required for the even distribution
of melanosomes within the cell. From these main
observations, it became clear that, during aggregation,
a cytoplasmic dynein motor carries melanosomes on
the radially arranged microtubules towards the cell
center (Figure 1B), while during dispersion a kinesin
transports the granules to the periphery (Figure 1C),
where they engage via a myosin V molecule with short
actin filaments to be distributed further (Figure 1D). This
switching of transport systems is a kind of miniature
edition of modern urban traffic, where millions of
workers leave the city centers in the evening on trains
and board their cars at park-and-ride stations to com-
plete their daily journey within the green peripheral belt.
Besides summarizing the above results into a
convincing model, a dispatch published at the time in
Current Biology [5] posed the fundamental question of
how this concerted activity is brought about. Two
possibilities were considered. The first invoked the dis-
tribution of actin filaments and microtubules inside
cells, which might plausibly govern the switching
between transport systems. Because of the radial
arrangement of microtubules, their local density is
much higher in the center of the cell than at the periph-
ery; and conversely, actin filaments are much more fre-
quent close to the cell perimeter (Figure 1A). Given that
different motors may be simultaneously active on a
single organelle [6], the probability of encountering a
certain type of track may determine the route traveled.
But it was known that the stimuli applied to disperse
melanosomes lead to marked changes of intracellular
second messengers [7]. So it also appeared possible
that a signaling cascade might regulate the switching
from microtubule tracks to actin filaments. These two
alternatives were rigorously tested by Rodionov et al.
[1] using the system of cultured fish melanophores and
quantitative analysis of individual melanosome motility.
To address the first possibility, Rodionov et al. [1] cal-
culated the density of microtubules throughout the cell,
taking into account the geometry of the cell and the
microtubule length. Then they compared the distances
traveled by individual melanosomes in different areas of
the cell. Rodionov et al. [1] reasoned that melanosomes
should run rather unperturbed close to the center of the
cell, whereas they should experience more distraction
in the periphery, where microtubules are rare and actin
filament density increases. As this was not the case,
and such a dependency was not apparent even in the
complete absence of actin filaments (elicited by an actin
depolymerizing drug), Rodionov et al. [1] concluded that
the distribution of melanosomes is not governed by the
availability of cytoskeletal tracks.
A lot of evidence suggested that the main second
messenger produced in response to the dispersion
signal, melanocyte-stimulating hormone (MSH), was
cAMP. Rodionov et al. [1] therefore chose to carefully
compare the production of cAMP to melanosome motil-
ity. They observed that, when exposed to a stimulus,
the cellular cAMP levels increased steeply, but declined
in a biphasic fashion within less than 10 minutes (Figure
1E). Interestingly, these kinetics were precisely paral-
leled by the distance melanosomes traveled on micro-
tubules towards the periphery of the cell. At the time
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when cAMP levels and microtubule transport decline,
motility on actin filaments becomes apparent. 
There is, however, another interesting twist to the
story of regulation in that dynein, the motor for
aggregation, is also required for dispersion. When
Rodionov et al. [1] inactivated dynein by the means of
a function-blocking antibody before dispersion, the
melanosomes all accumulated at the periphery of the
cell, as if only kinesin, and not myosin V, was active.
This result is best explained by a model in which
melanosomes switch from microtubules to actin
filaments during a run towards the center of the cell
(Figure 1D). 
These observations leave us with a scenario in which,
during the early phase of dispersion, all three motors
are active, but transport towards the cell periphery
ensues because kinesin is the dominant activity (Figure
1C). As levels of cAMP begin to fall, dynein transiently
engages with the microtubule and the melanosome
starts heading backwards (Figure 1D). If the active
myosin V makes contact with actin filaments in the
intermittent phase, the melanosome leaves the vicinity
of the microtubule. A further decrease in cAMP then
inactivates the myosin V motor and any fruitful contact
between active dynein and a microtubule would send
the melanosome back to the cell center (Figure 1E),
unless it is tethered to actin by an as yet unknown
mechanism (see below).
Although the work of Rodionov et al. [1] has moved
the field a large step further, there are obviously several
issues that remain to be investigated. Exciting new find-
ings addressing the coupling of motor molecules to the
melanosome surface in other experimental animals
open the possibility to speculate how the motors may
talk to each other on a molecular level. At least for
Xenopus there is now clear evidence that both dynein
and kinesin couple to melanosomes via the dynactin
complex [8]. Moreover, both motors compete for the
same protein component; this could allow one motor to
gain access to the microtubule while the other is pre-
vented from engaging successfully [9]. 
In contrast to this clean mechanism of regulation,
myosin V may rather take part in a tug-of-war
competition with microtubule motors [6]. In part,
myosin V activity might also be regulated by binding to,
and dissociating from, its cargo. Most of what we know
about the coupling of myosin V to the melanosome
membrane comes from analysis of a battery of mouse
mutants, selected and named according to their coat
colors, many of which correspond to a human genetic
disease called Griscelli syndrome [10–12]. In mouse,
the dilute gene encodes myosin V proper [13], which by
virtue of a tissue-specific exon associates with
melanosomes through the membrane-bound, small
GTPase Rab27, itself mutated in ashen mice [14]. 
Myosin V and Rab27 do not, however, interact
directly but rather through an adaptor molecule named
melanophilin, affected in the leaden mouse [15]. Inter-
estingly, melanophilin not only contains the expected
binding sites for Rab27 and myosin V, but also has a
domain suited for direct interaction with actin filaments
[16]. If a similar assembly was conserved in the fish, a
direct interaction between melanophilin and actin
might explain how melanosomes remain distributed
within the cell even in the absence of myosin V motor
activity, which requires a certain level of cAMP (see
above and Figure 1E). 
More coat color mutants, such as chocolate and
gunmetal, are turning up additional proteins of the Rab
pathways [17,18], and possible effector molecules are
likely to pop out during proteomic analysis of the
melanosome [19]. Thus, further exciting results are on
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Figure 1. Motor regulation during melanosome transport.
(A) Melanophore cell during aggregation (left) and the early
(middle) and late (right) phases of granule dispersion.
Melanosomes are indicated as dark balls. Note the radial
arrangement of microtubules (thick curved lines) and the
peripheral belt of actin filaments (short straight lines). (B–D) A
higher magnification, corresponding to the phases above,
shows the motor proteins dynein (red squares), kinesin (green
triangles) and myosin (blue circles) on the surface of the
melanosomes. Open symbols are inactive motors, closed
symbols represent active motors. Arrows in the lower left
corners indicate the overall direction of transport. (E) Diagram
showing the changes of cAMP concentration (black curve) over
time. The time (x) axis roughly corresponds to the phases of
aggregation and dispersion drawn in (A–D). Colored solid
curves or lines indicate relative motor activities. They rise and
fall in response to the cAMP concentration increasing above
their individual activation threshold (colored dotted lines) or
declining below it. For simplicity, the dynein motor (red line) is
assumed to be unaffected by cAMP levels. For each of the
three phases the dominant motor effects sending the
melanosome towards the cell center or the periphery on micro-
tubules (MT) and actin filaments (AF) are indicated beneath the
diagram. See text for details.
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the way to complete the picture of how melanosomes
switch from one transport system to the other.
References
1. Rodionov, V., Yi, J., Kashina, A., Oladipo, A. and Gross, S.P. (2003).
Switching between microtubule- and actin-based transport systems
in melanophores is controlled by cAMP levels. Curr. Biol. 13, 1837-
1847.
2. Rogers, S.L., Tint, I.S., Fanapour, P.C. and Gelfand, V.I. (1997). Reg-
ulated bidirectional motility of melanophore pigment granules along
microtubules in vitro. Proc. Natl. Acad. Sci. USA 94, 3720-3725.
3. Rodionov, V.I., Hope, A.J., Svitkina, T.M. and Borisy, G.G. (1998).
Functional coordination of microtubule-based and actin-based
motility in melanophores. Curr. Biol. 8, 165-168.
4. Rogers, S.L. and Gelfand, V.I. (1998). Myosin cooperates with
microtubule motors during organelle transport in melanophores.
Curr. Biol. 8, 161-164.
5. Kelleher, J.F. and Titus, M.A. (1998). Intracellular motility — how can
we all work together? Curr. Biol. 8, R394-R397.
6. Gross, S.P., Tuma, M.C., Deacon, S.W., Serpinskaya, A.S., Reilein,
A.R. and Gelfand, V.I. (2002). Interactions and regulation of molec-
ular motors in Xenopus melanophores. J. Cell Biol. 156, 855-865.
7. Tuma, M.C. and Gelfand, V.I. (1999). Molecular mechanisms of
pigment transport in melanophores. Pigment Cell Res. 12, 283-294.
8. Deacon, S.W., Serpinskaya, A.S., Vaughan, P.S., Lopez-Fanarraga,
M., Vernos, I., Vaughan, K.T. and Gelfand, V.I. (2003). Dynactin is
required for bidirectional organelle transport. J. Cell Biol. 160, 297-
301.
9. Gross, S.P. (2003). Dynactin: coordinating motors with opposite
inclinations. Curr. Biol. 13, R320-R322.
10. Pastural, E., Barrat, F.J., Dufourcq-Lagelouse, R., Certain, S., Sanal,
O., Jabado, N., Seger, R., Griscelli, C., Fischer, A. and de Saint
Basile, G. (1997). Griscelli disease maps to chromosome 15q21 and
is associated with mutations in the myosin-Va gene. Nat. Genet. 16,
289-292.
11. Menasche, G., Pastural, E., Feldmann, J., Certain, S., Ersoy, F.,
Dupuis, S., Wulffraat, N., Bianchi, D., Fischer, A., Le Deist, F. and de
Saint Basile, G. (2000). Mutations in RAB27A cause Griscelli syn-
drome associated with haemophagocytic syndrome. Nat. Genet.
25, 173-176.
12. Menasche, G., Ho, C.H., Sanal, O., Feldmann, J., Tezcan, I., Ersoy,
F., Houdusse, A., Fischer, A. and de Saint Basile, G. (2003). Griscelli
syndrome restricted to hypopigmentation results from a
melanophilin defect (GS3) or a MYO5A F-exon deletion (GS1). J.
Clin. Invest. 112, 450-456.
13. Mercer, J.A., Seperack, P.K., Strobel, M.C., Copeland, N.G. and
Jenkins, N.A. (1991). Novel myosin heavy chain encoded by murine
dilute coat colour locus. Nature 349, 709-713.
14. Wilson, S.M., Yip, R., Swing, D.A., O'Sullivan, T.N., Zhang, Y.,
Novak, E.K., Swank, R.T., Russell, L.B., Copeland, N.G. and
Jenkins, N.A. (2000). A mutation in Rab27a causes the vesicle trans-
port defects observed in ashen mice. Proc. Natl. Acad. Sci. USA 97,
7933-7938.
15. Matesic, L.E., Yip, R., Reuss, A.E., Swing, D.A., O’Sullivan, T.N.,
Fletcher, C.F., Copeland, N.G. and Jenkins, N.A. (2001). Mutations
in Mlph, encoding a member of the Rab effector family, cause the
melanosome transport defects observed in leaden mice. Proc. Natl.
Acad. Sci. USA 98, 10238-10243.
16. Kuroda, T.S., Ariga, H. and Fukuda, M. (2003). The actin-binding
domain of Slac2-a/melanophilin is required for melanosome distri-
bution in melanocytes. Mol. Cell. Biol. 23, 5245-5255.
17. Loftus, S.K., Larson, D.M., Baxter, L.L., Antonellis, A., Chen, Y., Wu,
X., Jiang, Y., Bittner, M., Hammer, J.A., 3rd and Pavan, W.J. (2002).
Mutation of melanosome protein RAB38 in chocolate mice. Proc.
Natl. Acad. Sci. USA 99, 4471-4476.
18. Detter, J.C., Zhang, Q., Mules, E.H., Novak, E.K., Mishra, V.S., Li,
W., McMurtrie, E.B., Tchernev, V.T., Wallace, M.R., Seabra, M.C.,
Swank, R.T. and Kingsmore, S.F. (2000). Rab geranylgeranyl trans-
ferase alpha mutation in the gunmetal mouse reduces Rab preny-
lation and platelet synthesis. Proc. Natl. Acad. Sci. USA 97,
4144-4149.
19. Basrur, V., Yang, F., Kushimoto, T., Higashimoto, Y., Yasumoto, K.,
Valencia, J., Muller, J., Vieira, W.D., Watabe, H., Shabanowitz, J.,
Hearing, V.J., Hunt, D.F. and Appella, E. (2003). Proteomic analysis
of early melanosomes: identification of novel melanosomal proteins.
J. Proteome Res. 2, 69-79.
Current Biology
R919
